THE RELATIONSHIP BETWEEN RISK FACTORS FOR METABOLIC SYNDROME IN THE PHYSICALLY ACTIVE ELDERLY by Maciel, Erika Silva et al.
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a b s t r a c t
Aging has a signifi cant impact on the decrease of lean body mass and 
physical activity level, being related to the reduction in basal metabolic 
rate and the increase of overweight and obesity in the elderly. The 
aim of this study is to identify correlations among the risk factors 
of metabolic syndrome (MS) from the measurement of abdominal 
perimeter (AP) and body mass index (BMI) with blood parameters for 
fasting blood glucose (FBG), total cholesterol (TC) and triglycerides 
(TG) in active elderly people. Measurements of weight and height 
were adopted to classify criteria by the World Health Organization 
(WHO) and to calculate BMI. The measurement of AP was done in 
centimeters. Blood parameters for FBG, TC, and TG were assessed by 
collecting blood from the fi ngertip and analyzing it using the Accutrend 
Plus (Roche) equipment. For data analysis, the Pearson correlation 
coeffi cient between anthropometric measures (independent variables) 
and blood parameters (dependent variables) was calculated. Simple 
linear regression was applied to the signifi cant variables (0.05%). The 
BMI assessment shows 71% of the elderly were overweight and 34% 
were obese. Over the cut-off point recommended, 57% of the sample 
was indicated by AP. The correlation test shows evidence regarding 
the existence of a signifi cant association between FBG and AP and 
also between AP and TG as compared to the use of BMI. The AP 
measurement seems to be an effi cient indication of the relationship 
between risk factors for MS and should be incorporated into routines 
to assess the elderly as an indicator of abdominal obesity.
k e y w o r d s
Nutritional Status. Abdominal Perimeter. Physical Activity Level. Elderly.
1  I n t r o d u c t i o n
Increased life expectancy has been accompanied by a higher prevalence 
of chronic non-communicable diseases (NCDs) in the elderly. It has been 
compounded by organ dysfunction, functional morphology in the natural 
aging process and higher frequency of disabilities (BOARDLEY et al., 2007; 
ELMADFA; MEYER, 2008).
Aging has a signifi cant impact on the decrease of lean body mass and 
physical activity level and it is related to the reduction in basal metabolic 
rate and the increase of cases of overweight and obesity among the elderly 
429
Es
tu
d.
 in
te
rd
is
ci
pl
. e
nv
el
he
c.
, P
or
to
 A
le
gr
e,
 v
. 2
0,
 n
. 2
, p
. 4
27
-4
40
, 2
01
5.
 
A
R
T
IG
O
S(ELMADFA; MEYER, 2008; SONATI et al., 2010). The combination of a sedentary 
lifestyle and aging is usually accompanied by other health disorders, such as 
hypertension, insulin resistance, and  dyslipidemia (MARQUES et al., 2009).
Metabolic Syndrome (MS) is identifi ed by a group of metabolic risk factors 
for cardiovascular disease and diabetes mellitus type 2, showing the main 
components such as excess abdominal fat, atherogenic dyslipidemia, hyper-
tension, hyperglycemia and insulin resistance, added to a proinfl ammatory 
and a prothrombotic state (RIGO et al., 2009). The criteria for the diagnosis 
of MS were originally proposed by the WHO in 1998, a European group for 
the study of insulin resistance in 1999, the US National Cholesterol Education 
Program – Adult Treatment Panel III (EPDETHBCA, 2001), and the International 
Diabetes Federation in 2005. However, the NCEP-ATP III is often applied in 
epidemiological studies and clinical practice worldwide, based on assessments 
of measures of localized fat, as opposed to the use of BMI (LEE et al., 2010).
For the diagnosis of MS, at least three of the fi ve following components 
of MS have to occur concomitantly: increased abdominal circumference (AC), 
increased glucose while fasting, low HDL cholesterol, hypertriglyceridemia 
and high blood pressure (EPDETHBCA, 2001).
Health and quality of life were endangered by the MS, being more preva-
lent in the elderly because this part of the biological life cycle occurs at a time 
of drastic reduction in fat-free mass, alterations in glucose metabolism and 
decreased levels of high-density lipoprotein (HDL-C) (BO et al., 2009). Dysli-
pidemia remains among the main factors associated with MS, which include a 
change in levels of blood lipids, hypertension, obesity and abdominal obesity 
(CANKURTARAN et al., 2006).
The strong evidences that linked central obesity and cardiovascular risk 
show prevalence of obesity has increased in all age groups in recent decades, 
concomitant with population aging. Therefore, the assessment of abdominal 
obesity by PA is essential for the diagnosis of MS (SAAD et al., 2014).
Since aging is accompanied by a signifi cant change in body composition, 
it is important to check and monitor the conditions of the nutritional status 
of the elderly. Moreover, abdominal obesity is commonly associated with the 
development of risk factors for some NCDs (SONATI et al., 2010).
General and abdominal obesity increases with aging are precursors for 
several cardiovascular and metabolic diseases risk factors. The elderly are 
the population group with the highest prevalence of cardiovascular events. 
Therefore, identifying the prevalence of risk factors for MS among this group 
is important for the possibility of taking risk control measures. In Brazil, the 
data on the prevalence of MS among the elderly are scarce, which justifi es the 
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need of a bett er understanding of this phenomenon in our population (RIGO 
et al., 2009; SAAD et al., 2014).
Thus, in order to verify the behavior of these variables in the elderly, this 
study aims to examine the correlation between measurements of abdominal 
perimeter (AP) and body mass index (BMI) with blood-test results for fasting 
blood glucose (FBG), total cholesterol (TC) and triglycerides (TG) in elderly 
people who engage in physical activity during a program conducted by the 
University of the Third Age (UTA). 
2  M a t e r i a l s  a n d  m e t h o d s
2 .1  S u b j e c t s
The study is exploratory and cross-sectional focused on elderly men 
and women registered at the University of the Third Age (UTA), the Luiz de 
Queiroz School of Agriculture, University of São Paulo, Piracicaba, São Paulo, 
Brazil. A total of 350 elderly registered in the program were personally invited 
to participate in the survey, from which 98 elderly formed the sample that met 
the criteria for inclusion in the study: being enrolled in the physical activity 
program at the UTA, not having any type of cancer, amputation, pacemaker, 
or any symptoms of high blood pressure; making use of diuretics, having 
completed the questionnaires and being 60 years old or over and participate 
voluntarily in the research. The program is open to any old town and gathers 
various elderlies, including among these a retired professor at USP and an 
older with no previous ties with the university.
Self-applied protocols on identifi cation and socioeconomic data were 
used for collecting variables such as gender, age in completed years, marital 
status, occupation, education, and the socioeconomic status divided up into 
eight categories (A1, A2, B1, B2, C1, C2, D, and E), in which category ‘A1’ is 
the highest and category ‘E’ is the lowest; and using a points system that 
used criteria such as asset ownership, the presence of a maid, and education 
of the household head for the Brazilian Association of Population Research 
(ABEP, 2008).
The level of overall physical activity was analyzed according to the 
short-form and normal-week physical activity questionnaire (IPAQ), version 
8, developed by the WHO (2002), which has been validated and used in Brazil 
(PARDINI et al., 2001) based on a joint research project between the Physical 
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and the Center for Disease Control (CDC) of the United States of America.
Data were collected by trained researchers, researchers and students of 
the College of Physical Education of the University of Campinas (UNICAMP) 
methods. The study was approved by the Ethics Committ ee of the Faculty of 
Medical Sciences, University of Campinas (UNICAMP) (Protocol 622/2008), 
observing the integrity of the individual as set out in Resolution 466/2012 of 
the National Health Council.
2 . 2  A n t h r o p o m e t r i c  m e a s u r e m e n t s
Anthropometric measurements were taken in the morning prior to break-
fast off ered to the participants who had fasted. Body weight was measured 
according to international standards (GORDON et al., 1991) using a digital 
 Healthmeter weight scale, calibrated for a load of 150 kg and the height was 
measured with a Sanny wall  stadiometer with an accuracy of 0.1 cm. The BMI 
was determined by dividing weight in kilograms by the square of height in m2.
For the BMI classifi cation, the criteria proposed by the WHO (WHO; 
FAOUN, 2002) designed for adults of both genders were adopted: underweight 
(BMI ≤ 18.5), recommended range (18.5 ≤ BMI ≤ 24.9), overweight (25 ≤ BMI ≤ 29.9), 
obesity I (30 ≤ BMI ≤ 34.9), obese II (35 ≤ BMI ≤ 39.9), and obesity (BMI ≥ 40).
The measurement of abdominal perimeter (AP) was taken in centime-
ters using a non-elastic tape on the skin at the height of the umbilicus in the 
standing position and without shoes, according to the methodology in the 
manual for standard anthropometric measurements (CALLAWAY et al., 1988).
The Brazilian Society of Cardiology (BSC) (SPOSITO, 2007) classifi ca-
tion criteria for abdominal obesity use the following limits: for white men of 
European and African descent, ≥ 94 cm; for South Asians, American Indians 
and the Chinese, ≥ 90 cm; and for the Japanese, ≥ 85 cm. White women of 
European, African, South Asian, Amerindian, Chinese origins have values of 
≥ 80 cm and those of Japanese origin, ≥ 90 cm. Since there is a lack of consensus 
on cut-off  points that are universally accepted for AP. Thus, we chose to use 
data derived from an association of AP with health risk. However, the criteria 
proposed by the WHO to defi ne the cut-off  point of 94 cm for men and 80 cm 
for women were adopted (WHO, 2002).
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2 . 3  B l o o d  p a r a m e t e r s
The blood parameters for FBG, TC, and TG were assessed by collecting 
blood from the fi ngertip and analyzing it using the Accutrend Plus (Roche) 
equipment (COBAS, 2009). 
Although this device underestimates the concentration value of TC of 
0.26 mmol/L and overestimates the TG value of 0.16 mmol/L, when compared 
with data obtained by conventional laboratory methods, its use confi rms the 
accuracy and the reproducibility of the data collected (SCAFOGLIERI et al., 
2012). It measures the color intensity and the reaction layer on the test strip 
through refl ectance photometry, and calculates the concentration of each 
parameter in the sample using a specifi c algorithm for each batch. For each 
parameter, we used test strips, specifi c set reading, fasting glucose in the range 
of 20-600 mg/dL and total cholesterol values of 150-300 mg/dL, with the values 
outside these ranges being adopted for the lowest or highest classifi cation.
The data were assessed according to grading standards adopted by the 
BSC (2009) considering TG ≥ 150 mg/dL, TC ≥ 200 mg/dL, FPG ≥ 100 mg/dL. The 
criterion for systemic Blood Pressure (BP) was ≥ 130 mm Hg and for diastolic 
pressure, it was ≥ 85 mm Hg.
2 . 4  D a t a  a n a l y s i s
The statistical analysis consisted of a descriptive analysis based on measures 
of central tendency by calculating the Pearson correlation coeffi  cient between 
anthropometric measurements (independent variables) and blood parameters 
(dependent variables). Simple linear regression was applied to signifi cant 
variables (0.05%) to predict the patt ern of the regression equation. Data were 
assessed with the SAS statistical software, version 9.1.3 (SAS INSTITUTE, 2004).
3  R e s u l t s
3 .1  S a m p l e  p r o f i l e
The study sample consisted mostly of aged 65-80 (average 76.8-68.2%, 
aged 5.0-4.6) retired (75.8%) married (64.2%) women (85.3%).
Regarding the socioeconomic level, results suggest concentrations in 
categories B1 (26.3%), B2 (28.4%), and C1 (21.1%) as the criteria for classifi cation 
by the Brazilian Association of Business and Research (ABEP) (ABEP, 2008). 
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can be considered active, being classifi ed as 60%  active, 25% very active and 
15% suffi  ciently active.
3 . 2  N u t r i t i o n a l  s t a t u s
The analysis of the anthropometric profi le showed most patients (71.7%) 
were found to be over the recommended range of body weight and 34.7% 
presented a very high risk for obesity-related diseases. The AP results show 
57% of the sample are above the AP cut-off  point (94 cm for men and 80 cm 
for women) proposed by the WHO and the FAOUN (2002), indicating more 
than half of the sample were at risk of developing chronic diseases.
3 . 3  B l o o d  p a r a m e t e r s
The  average levels of blood parameters (Table 1) showed values  within 
normal limits, in which 97% of the individuals had normal levels of FBG. 
However, results of serum lipids TG were normal in only 44% of the elderly 
and 36% of them had TC higher than 200 mg/dL, which is a sign of dyslipi-
demia, according to the BSC parameters (SPOSITO, 2007).
The analysis indicated an average systolic BP of 138.24 ± 22.81 mmHg and 
86.45 ± 13.49 mm Hg of diastolic BP, which are regarded as threshold values 
for stage 1 hypertension (SPOSITO, 2007), and also high systolic BP at 65% in 
the elderly and a high diastolic BP of 54% in the group sampled.
Table 1 - Blood parameters and anthropometric profi le of the elderly participants of the UTA, 
Piracicaba, São Paulo (2008).
Blood parameters minimum  maximum average (SD)± n
FBG (mL/dL) 48 110 69 13 97*
TC (mL/dL) 150 286 187.5 31.9 82*
TG (mL/dL) 70 505 153 81.7 76*
BMI 16.7 42.2 27.4 4.2 98
AC (cm) 61.8 120 85.32 11.1 98
* Values on which the measurement was presented as lowest or highest were not considered.
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3 . 4  A s s o c i a t i o n s
The Pearson correlation test (P) (Table 2) showed a signifi cance of at least 
0.05% for anthropometric variables related to TG and FBG values.
Table 2 - The Pearson correlation coeffi cient between blood parameters and anthropometric 
measurements of the elderly from the UTA, Piracicaba, São Paulo (2008).
Variable R P
FBG (mg/dL) X BMI (kg/m2) 0.21 0.0335
FBG (mg/dL) X AP (cm) 0.39 < 0.0001
TC (mg/dL) X BMI (kg m2) -0.01 0.9017
TC (mg/dL) X AP (cm) -0.01 0.9026
TG (mg/dL) X BMI (kg/m2) 0.28  0.0140
TG (mg/dL) X AP (cm) 0.38 0.0005
AP = Abdominal Perimeter 
BMI = Body Mass Index
FBG = Fasting Blood Glucose
TC = Total Cholesterol
TG = Triglycerides
Correlations were signifi cant in relation to blood parameters, FBG, TG, 
and measures of BMI and AP. The strongest association was observed between 
FBG and AP (39%) and between TG and AP (38%). A simple linear regression 
analysis (Image 1) shows the relationship of the blood parameters FBG and TG 
with anthropometric data, BMI and AP, indicating these groups of variables 
have evolved similarly in the elderly sample.
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AP in the elderly participants of the UTA, Piracicaba, São Paulo.
4  D i s c u s s i o n
Our study indicated AP seems to relate more adequately to the relationship
between accumulation of central adipose tissue and levels of FBG and TG 
to assess risk factors of MS in the elderly rather than the BMI, according the 
statistical tests results.
It is important to emphasize abdominal obesity is the main risk factor for 
cardiovascular disease in the elderly. Abdominal obesity is important to be 
emphasized as the main risk factor for cardiovascular disease in the elderly. 
BMI and AP are indirect measurements for the effi  cient evaluation of overall 
and central adiposity, and have been associated with the occurrence arterial 
hypertension, dyslipidemia, and low high density lipoprotein cholesterol 
(HDL-C) (LEITE et al., 2009). BMI is a measure used worldwide in identifying 
individuals with a nutritional risk of becoming overweight and obese. It is 
still rarely used to assess the elderly, and is regarded as ineff ective because 
of failing to refl ect mainly the regional distribution of fat, which occurs with 
aging (PERISSINOTTO et al., 2002).
The anthropometric measurements, which assess central obesity, such as 
waist circumference, AP or waist-hip ratio and, more recently, waist-to-height 
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ratio, are increasingly frequent. Further, their use has been justifi ed by greater 
accuracy in assessing obesity, which appears to be a related risk factor for 
MS in both men and women (HUXLEY et al., 2010; LEE et al., 2008). An study 
involving 5,057 adults (over 40 years) found an association between abdominal 
obesity and metabolic abnormalities, including insulin resistance, dyslipidemia, 
and increased incidence of hypertension, which results in increased levels of 
propensity to diseases such as cardiovascular disease (LU et al., 2010). Indivi-
duals who are overweight, especially with the accumulation of abdominal fat, 
are more exposed to risk factors involved in MS and, therefore, have a higher 
risk of morbidity and mortality if these changes are not treated (REZENDE 
et al., 2006; TULL et al., 2005).
The individuals included in our study showed a risk condition for MS 
with high weight (71.7%), central adiposity (57%), systolic hypertension (65%), 
and high TG and TC levels. The Pearson correlation between anthropometric 
measurements and blood suggests strong links between TG and AP (38%), 
and also between FBG and AP (39%), whereas FBG and TG correlated with 
BMI resulted in values  of 28% and 21%, respectively.
We found AP was the indicator of adipose tissue which correlated more 
strongly and with more blood variables than BMI. These results corroborate 
those found in another similar study (LU et al., 2010), in which the authors 
emphasize TG was the measure that correlated signifi cantly with anthropo-
metric parameters, which reinforces the importance of using measurements 
that assess central fat accumulation, such as AP.
The high levels of TG observed in this study may be associated with 
the consumption of carbohydrates, which, when consumed in excess, tend 
to deposit TG in form of adipose tissue. This consideration is reinforced by 
recent studies, which show a strong correlation between high consumption 
of simple carbohydrates in the diet of adults and the presence of dyslipidemia 
(WELSH et al., 2010) increase in carbohydrate intake associated with decreased 
HDL-C, elevated levels of TG, LDL-C, and its association with an increased 
risk of obesity, diabetes, and cardiovascular disease (WELSH et al., 2010; 
HOWLETT et al., 2008).
Moreover, the adoption of an active lifestyle promotes a protective eff ect 
against MS related to the eff ects of aging that come with the decrease in 
muscle mass and increased adipose tissue, especially around the abdomen, 
and can be mitigated themselves through the systematic practice of physical 
exercise (ALBERTI et al., 2006; KRAMER et al., 2009). Large variations, such as 
the decrease in the levels of TG (–5.1%, p = 0.006) and increased HDL-C (9.3%, 
p < 0.001), were observed after the application of an exercise program consisting 
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aged 60-79 years (MARQUES et al., 2009). However, one must be cautious in
interpreting results from studies in the elderly population, considering the fact 
advancing age is often accompanied by a greater number of risk factors and the 
consequent prevalence of MS (BO et al., 2009; CANKURTARAN et al., 2006).
The use of the fingerstick test has shown good reproducibi-
lity (0.958 glucose, triglycerides 0.992, 0.940 total cholesterol) and 
high correlation with the laboratory method (glucose 0.952, 0.990
triglycerides, and total cholesterol 0.944). These results demonstrate the method 
is feasible for portable conducting research and as an alternative to the moni-
toring of metabolic disease and cardiovascular risk factors (COQUEIRO et 
al., 2014; EIZERIK, 2012).
5  F i n a l  r e m a r k s
The results of this study showed that assessments based on AP
measurements are appropriate for studying the risk factors related to MS in 
the active elderly, particularly the relationship between the accumulation of 
central adipose tissue and levels of FBG and TG. 
The AP measurement of the elderly should be considered as an indicator 
of adipose tissue since it is strongly correlated with a higher number of blood 
variables as compared to BMI. 
Interventions to promote health and quality of life in the elderly population 
must be based on strategies that include balanced nutrition, physical activity, 
and systematic monitoring of the evolution of anthropometric measurements 
and blood tests.
However, we must take into account the limitations of this study include 
the fact the group was exclusively female, making it diffi  cult to estimate the 
data for older men. Although data collection is easy to apply, and the results 
indicate the total cholesterol, they do not show cholesterol fractional values, 
which could be of interest for studies of the elderly population.
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A  R E L A Ç Ã O  E N T R E  O S  F AT O R E S  D E  R I S C O 
P A R A  A  S Í N D R O M E  M E TA B Ó L I C A  E M  I D O S O S 
F I S I C A M E N T E  AT I V O S
r e s u m o
O envelhecimento tem um impacto signifi cativo na diminuição de 
massa magra e do nível de atividade física, estando relacionado à 
redução na taxa metabólica basal e ao aumento de sobrepeso e 
obesidade em idosos. O objetivo deste estudo foi identifi car corre-
lações entre os fatores de risco da síndrome metabólica (SM) e a 
medição do perímetro abdominal (PA) e do índice de massa corporal 
(IMC) com os parâmetros sanguíneos de glicemia de jejum (GJ), 
colesterol total (CT) e triglicerídeos (TG) em idosos ativos. Para cálculo 
do IMC, foram coletadas medidas de peso e altura e adotados 
os critérios de classifi cação da Organização Mundial da Saúde 
(OMS). A medida do PA foi efetuada em centímetros. Os parâme-
tros sanguíneos de GJ, CT e TGL foram avaliados pelo método de 
coleta de sangue na ponta de dedo com leitura em equipamento 
Accutrend Plus (Roche). Para análise dos resultados, foi realizado o 
cálculo do coefi ciente de correlação de Pearson entre as medidas 
antropométricas (variáveis independentes) e parâmetros sanguíneos 
(variáveis dependentes). A regressão linear simples foi aplicada sobre 
as variáveis signifi cativas (0.05%). A avaliação do IMC mostrou que 
71% dos idosos estavam acima do peso e 34% eram obesos. No 
ponto de corte recomendado, 57% da amostra foram indicados por 
PA. O teste de correlação mostrou evidências sobre a existência de 
uma associação signifi cativa entre GJ e PA e também entre PA e 
TG em comparação ao uso do IMC. A medição de PA parece ser 
uma indicação efi caz da relação entre os fatores de risco para a SM 
e deve ser incorporada nas rotinas para avaliar idosos como um 
indicador de obesidade abdominal.
p a l a v r a s - c h a v e
Estado Nutricional. Perímetro Abdominal. Nível de Atividade Física. 
Idoso.
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